Towards an understanding of DNA recognition by the methyl-CpG binding domain 1.
CpG methylation determines a variety of biological functions of DNA. The methylation signal is interpreted by proteins containing a methyl-CpG binding domain (MBDs). Based on the NMR structure of MBD1 complexed with methylated DNA we analysed the recognition mode by means of molecular dynamics simulations. As the protein is monomeric and recognizes a symmetrically methylated CpG step, the recognition mode is an asymmetric one. We find that the two methyl groups do not contribute equally to the binding energy. One methyl group is associated with the major part of the binding energy and the other one nearly does not contribute at all. The contribution of the two cytosine methyl groups to binding energy is calculated to be -3.6 kcal/mol. This implies a contribution of greater than two orders of magnitude to the binding constant. The conserved amino acid Asp32 is known to be essential for DNA binding by MBD1, but so far no direct contact with DNA has been observed. We detected a direct DNA base contact to Asp32. This could be the main reason for the importance of this amino acid. MBD contacts DNA exclusively in the major groove, the minor groove is reserved for histone contacts. We found a deformation of the minor groove shape due to complexation by MBD1, which indicates an information transfer between the major and the minor groove.